Introduction
Many manufacturing firms left the urban sites in which they located in the 19 th or early 20 th century. As a result, most industrial sites lost their original function and got abandoned. Policy makers search to deal with the unused land. Local policy makers can decide to 1) leave it as it is,
2) demolish the existing buildings and redevelop the land, or 3) renovate the existing buildings while simultaneously making them suitable for new functions. The last alternative is especially attractive when the existing buildings have heritage value. The idea to renovate old factories became popular in connection with Jacob's (1961) ideas that new ideas need old buildings and, later, Florida's (2002) creative city concept. Many policy makers now believe that renovation of an abandoned industrial site is a tool to upgrade neighborhoods by attracting higher educated residents, firms from the creative sector and tourists. There are many examples of such redeveloped industrial heritage sites throughout the world: former power plant site, Erie, PA, US; Rheinauhafen, Cologne, Germany; King's Cross, London, UK; Kings Waterfront, Liverpool, UK;
Gasometers, Vienna, Austria. In the Netherlands only, more than 200 transformation projects are finished that redevelop an industrial area, which has lost its original function, and many more projects are ongoing or planned. 1 It seems plausible that the redevelopment of industrial heritage has a positive (external) effect on the living environment of surrounding residential areas, as is often argued by policymakers. 2 However, the evidence underlying this opinion is often limited to impressions and references to well-known examples that are generally considered as success stories. There does not appear to exist much research that underlies this opinion. Maliene et al. (2012) argue, based on descriptive statistics, that the redevelopment of these brownfield sites has the potential to promote the urban renaissance. They state that these redeveloped brownfield sites attract people, predominantly for the retail and leisure facilities and the attractiveness of the location. They also warn local policy makers that each brownfield site is unique and that there is no 'one-size-fits-all' recipe for success. However, their study lacks detailed empirical research to provide evidence on these matters. More attention has been given to the redevelopment of brownfield sites in general; see e.g. Linn (2013) . Linn (2013) focuses on the certification that owners of such sites are not subject to federal or state liability for contamination of these sites.
Our attention is more focused on the heritage aspects and the associated potential of generating external effects.
In this paper we present an analysis of the impact of five large renovation projects in the Netherlands concerning industrial heritage on house prices in the surrounding neighborhoods.
One of these projects is the success story of Dutch renovation activities: the Westergasfabriek in Amsterdam. The other four are also well-known and generally considered as exemplary for successful renovation of industrial heritage sites that lost their original function. The focus of interest will be on the measurement of the external effects and the possible existence of general properties of these effects, for instance on their size and distance decay.
Our paper contributes to the economic literature that investigates urban revitalization policies (e.g. Ahlfeldt et al., 2013b; Brooks & Phillips, 2007; Koster & Van Ommeren, 2013; RossiHansberg et al., 2010) . Most of this literature is focused on investments in housing and living quality of a specific target area. Present paper is different in many ways. We study the impact of investments in industrial heritage and not directly into housing. We distinguish between external effects occurring before, between the start and the completion, and after the completion of the redevelopment of industrial heritage on house prices of nearby residential areas. We use a quasi-experimental hedonic approach to see whether there are indeed external effects caused by the industrial heritage and how large those effects are on the house prices of nearby residential areas. We pay special attention to defining the target and control area. This study aims at providing more insights in the possible external effects of industrial heritage sites. Measurement of the size of these external effects clearly provides important information for local policy makers who decide how to redevelop used land.
This paper is also connected to a larger, more general, stream of literature that investigates the value of urban amenities (e.g. Ahlfeldt, 2011; Brueckner, Thisse & Zenou, 1999; Carlino & Coulson, 2004; Chen & Rosenthal, 2008; Cheshire & Sheppard, 1995; Ioannides, 2003) . This literature argues that urban amenities have become increasingly important to the attractiveness of the urban areas and that especially higher educated households are attracted to the city center. This phenomenon is argued to be the driving force behind the economic prosperity of cities (Carlino & Saiz, 2008; Glaeser et al., 2001 ).
The five cases that we study are listed in Table 1 . For each of them we compare house prices in nearby residential areas before the start, between the start and the completion of the transformation period and afterwards. We make use of a rich dataset of housing transactions and structural characteristics of the sold properties provided by the Dutch Association of Real Estate Agents (NVM) that covers the period 1995 to 2011. Our findings suggest that in general negative external effects disappear when the transformation starts. This also implies that there are anticipation effects. Positive external effects do not necessarily arise after the redevelopment. It seems that positive external effects only arise when certain criteria are met regarding the location, the size of the site, the size of the investment, and other transformation details. The distance decay of the external effects differs for each case. This suggests a considerable amount of heterogeneity in the impact of redevelopment of industrial heritage.
This also suggests that policy makers who want to copy a 'successful' transformation project must be aware that each project is unique regarding the location, investment and other details of the transformation project.
The remainder of this paper is organized as follows. Section 2 provides some theoretical background on external effects and brief descriptions on the cases of redeveloped industrial heritage sites. Section 3 introduces the methodology used in our analysis. The data and some descriptive statistics are presented in Section 4. Estimation results are reported and discussed in Section 5. The paper ends with a summary of the key findings and conclusions. Note: This is an arbitrary selection based on 210 cases of redevelopment projects in the Netherlands. Our selection is based on size, popularity and on the cultural heritage aspects of the redevelopment project. Source: www.kennisbankherbestemming.nu
Background
This section provides some theoretical background on external effects and briefly describes the Dutch cases of industrial heritage redevelopment that are investigated in this paper including some statistics.
Theoretical background
Existing buildings deteriorate over time if they are not maintained properly. Since maintenance decisions are spatially correlated, the quality of the whole neighborhood may decrease over time. There is a large stream of literature investigating the depreciation (and renewal) of urban areas (e.g. Brueckner & Rosenthal, 2009; Coulson & Bond, 1990; Harding et al., 2007; Rosenthal, 2008; Smith, 2004) . Abandoned industrial sites are often large and may well have a negative impact on the neighborhoods in which they are located and become a disamenity for the nearby residential areas. We focus on industrial sites with cultural, historic aspects that policy makers prefer to preserve. When investments are made in the renewal of such industrial heritage sites, they are primarily focused on preserving the heritage value. It is often the case that the real estate of industrial heritage sites are listed built monuments and that it is not allowed to make significant changes to the exterior of the real estate to preserve the heritage value. The listed status implies that the site is eligible for subsidies to restore and maintain the building and they are usually a substantial part of the investments in industrial heritage. Restoration transforms a dilapidated building into a bright one and this may reasonably be expected to have a positive impact on the quality of the surrounding neighborhood.
Apart from the real estate, the redevelopment of the rest of the industrial site could be expected to generate additional external effects. For instance, in the Netherlands, large parts of the sites are often transformed into public green which is often scarce in the 19 th and early 20 th century neighborhoods where most of these sites are located.
In this paper, we investigate three types of external effects on house prices. First, we investigate whether the industrial heritage site was a disamenity for the nearby residential area before the start of the transformation. It might be that the presence of the industrial heritage site generates negative external effects on house prices and that this negative effect decreases over space. Second, we check for anticipation effects between the start and the completion of the transformation project. One could argue that households anticipate house prices to increase nearby these industrial heritage sites that will be redeveloped. Third, we investigate whether the investments made in industrial heritage sites generate positive external effects on house prices of nearby houses. It is expected that positive externalities emerge if 1) the redevelopment contains significant (positive) changes in the exterior of the industrial heritage site, like building attractive new residential houses or creating parks on the industrial terrain, or if 2) the redevelopment replaces a disamenity, like abandoned buildings and contaminated soil. 3 We believe that the impact of the redevelopment of industrial heritage is likely to differ between sites because of the heterogeneity in the details of the transformation projects. The exact location is likely to play a major role, but also the size of the site, the size of the investment, and whether the investment is made into the interior or the exterior of the site might have an impact as well. This may be the background of the lack of consensus in the literature on the (external) effect of housing and other real estate investments. We avoid these problems by investigating the redevelopment of industrial heritage sites separately. We follow up on this in the next section.
Selection of redeveloped industrial heritage sites
The following cases will be discussed in this paper: Table 1 ). On the other hand, the Zaanse Chocoladefabriek and DRU Cultuurfabriek had less or no changes on the exterior of the site, but instead large changes on the interior of the real estate. 4 In the technical appendix, there is more information on each of the redeveloped industrial heritage site.
Methodology
In this paper, we -separately -investigate the external effects that influence house prices in surrounding residential areas before, between the start and completion, and after the completion of the redevelopment of several industrial heritage sites in the Netherlands. By definition, externalities do not have observable market prices. The value attached to them must therefore be measured in an indirect way. We use house prices in the vicinity of the sites for that purpose, and therefore have to face the challenge that it is not obvious which areas may have received an external effect of the redevelopment and how to disentangle it from other influences that acted simultaneously on the housing price. We therefore pay careful attention to defining the target and control area. It is plausible that nearby houses got 'treatment', in the sense that the prices of these houses may have possibly been influenced by the external effects from the redevelopment of an industrial site. These nearby houses are then in the 'target' group, but it is not a priori obvious what is nearby and what is not. Besides the baseline specification that will be discussed below, we also discuss an alternative, more flexible, specification that allows to define the reach of the target area. In a (quasi-)experimental setup, it is important that the 'target' and 'control' group are identical, except for the 'treatment' variable, to find consistent estimators for the effect of the 'treatment'. In this section, we present our empirical strategy where we address these problems.
Baseline specification
We start with the standard hedonic framework of Rosen (1974) . We observe transaction prices, Third, the external effects are likely to differ between different transformation projects. Fourth, it is likely that there are more forces that influence house prices and, when unobserved, they may cause omitted variable bias.
To address these problems, we use and extend the model specification that is developed by Schwartz et al. (2006) . Schwartz et al. (2006) specify a model to identify external effects caused by housing investments. In our case, the investments in industrial heritage sites are investigated for each site separately. The baseline specification -closely related to Schwartz et al. (2006) -is defined as:
where is the house price transactions of property i that is located in neighborhood j at transaction year t; is set of variables (distance ring dummies and a trend) that depend on where property i is located, the year of transaction t, and the treatment radius r (described in more detail below); is the Euclidean or 'crow' distance in meters from the sold property to the industrial heritage site; are structural characteristics k of property i, which are described in section 4; a dummy variable taking one for year t and zero otherwise; is a neighborhood dummy variable taking one for neighborhood j and zero otherwise; is an idiosyncratic error term. , , , , , and are parameters to be estimated. Note that we use separate regressions for different transformation projects. This allows us to test the heterogeneity of the external effects for the different cases. In addition, one does not have to control for location*time fixed effects. 5 We specify four ( Each of these distance ring variables are also interacted with the distance to the industrial heritage site, D (in meters), which allows for a spatial component that measures the distance decay of the external effects. We also include the quadratic form of the distance variable to see whether the distance decay is linear, concave or convex.
Alternative specification
There are a few drawbacks of the baseline specification. Without doing sensitivity analysis it is not clear what the treatment radius is for each industrial heritage site. Also, the distance decay is assumed to be linear, concave or convex over the distance to the industrial heritage site. To address these drawbacks, we extend the baseline specification by defining the treatment radius r somewhat differently. We propose to draw 100 meter rings within the treatment radius r, which allows us to estimate several treatment coefficients depending on whether the observed sold house is within a certain distance ring from the redeveloped industrial heritage site. In other words, we draw 100 meter rings around the redeveloped industrial heritage site where we identify groups of houses that are sold in each distance ring given a certain treatment radius r max , which can be set according to the findings of the baseline specification. This allows us to simply find the reach of the external effect for each transformation project. In addition, it allows for a more flexible specification regarding the distance decay function. The alternative specification is then:
where we do not include the distance as a continuous variable but we estimate separate coefficients for different distance rings. The parameters allow for different house price distributions within the treatment radius and should also capture the external effect of the redeveloped industrial heritage site, but somewhat differently than in the baseline model. The number of observations allows us to use rings of 100 meters. This implies that we get a coefficient, , for each distance ring (100m-200m, 200m-300m, et cetera) . 7 This specification offers a flexible way to relax the assumption on the homogeneity of the external effect within the treatment radius. However, we do assume that the unobserved (time-variant) forces that could influence house prices between each ring are homogenous. This assumption is more likely to hold with the use of distance rings than when one uses neighborhoods to identify the target and control areas. 8 The other parameters control for observed structural characteristics, year effects, and unobserved time-invariant neighborhood characteristics.
7 See the technical appendix for a graphical overview. 8 The omitted variable bias caused by other unobserved investments or developments is likely to be less problematic using small distance rings compared to using neighborhoods. This is evident when the unobserved investments or developments are targeted at neighborhoods. Hence, using distance rings (partially) overcomes this problem.
Target groups
The target group is defined as those sold houses that received treatment. A sold house receives treatment if the house is within a certain distance (treatment radius) to the redeveloped industrial heritage site and the transaction year is equal or larger than the transformation year.
Let us first discuss the distance. Since it is ex ante difficult to predict the extent of the external effect -if there is any -we define different areas that are targeted. We start with a treatment radius of 1km. This assures us that there are no sold properties in the control group that receive treatment. As described before, we use two different specifications to investigate the decay of the external effect over space. First, we use distance as a continuous variable in a setting that is closely related to Schwartz et al. (2006) . Second, we use different distance rings within the treatment radius to allow more flexibility. Using this strategy we let the data and our model specifications tell us what the reach of the external effect is and its distance decay. Because we estimate these regressions separately for each case, it is possible that the reach and decay of the treatment effect is different.
It is also not always easy to identify the exact transformation year for most of the industrial heritage sites. The transformation process of industrial heritage sites is often phased and different parts of the redevelopment process finish at different moments in time. For our cases, we investigated the transformation period carefully and chose to treat the moment that the redevelopment of the real estate was finished as the year of transformation and account for some of the anticipation effects by using the moment that the redevelopment started as the start of the transformation.
This already covers part of the problem that is often present in these types of research. Namely, households should be able to anticipate to changes in their neighborhood. In a world where there is perfect information and no mobility costs, households are likely to anticipate the upcoming changes to the industrial heritage sites. What happens is that if households know the neighborhood will improve in the near future, the neighborhood will possibly become more attractive and, therefore, house prices will increase even before the redevelopment takes place.
However, the housing market is more rigid and households often do not have perfect information. Also, debate on these transformation projects by local governments can be complex and often take a lot of time. For example, the idea to transform the Westergasfabriek started decades ago but the transformation eventually started in 2000. 9 In this paper we cannot check for all anticipation effects due to data limitations but we do account for the anticipation effect between the start and finish of the transformation project. If there are some anticipation effects before the start of the transformation period, this will likely cause an underestimate of the measured external effects of the BEFORE variable.
Control groups
In the literature, it is standard practice to use the outer rings as control areas (see, for example, Ahlfeldt et al. (2013a) , Helmers & Overman (2013) , and Schwartz et al. (2006) ). This is what we do initially. We start by including sold houses within 2000 meter of the redeveloped industrial heritage site. As described above, the initial target group are those houses that are within 1000 meter of the redeveloped industrial heritage site and are sold after the completion of the transformation (AFTER). By including additional variables (BEFORE and BETWEEN, specified above), the control group is then defined as those sold houses that are between 1000 and 2000 meter of the redeveloped industrial heritage site. 10 This methodology does imply that the outer rings, or the control area, should be identical to the target area to produce consistent estimates of the external effect. It can be argued that this is an implausible assumption because the researcher is often not able to fully capture the differences between the control and target group.
Since the target area is not randomly assigned we could, as an alternative, use a matching procedure to match similar neighborhoods to our target area and define those matched neighborhoods as control areas. Using these matching estimators to define a specific control group that is closely identical to the target group is becoming more popular in the economic literature (e.g. Ahlfeldt et al., 2013b; Koster & Van Ommeren, 2012; McMillen & McDonald, 2002; Muehlenbachs et al., 2013) . 11 We use the method of Rosenbaum & Rubin (1983) in a similar fashion as in Koster & Van Ommeren (2012) . The idea is that neighborhoods prior to the transformation have similar characteristics and therefore have similar propensity scores, which are estimated by a probit (or logit) regression. We include many neighborhood characteristics, such as population density, share of foreign migrants, distance to the nearest train station, et cetera. This method enables us to match neighborhoods by minimizing the difference in propensity scores between the target and control neighborhoods. Potential control neighborhoods are located between 1km and 10km from the redeveloped industrial heritage site. These matched pairs are then more-or-less identical to each other, except for the treatment that the target area has had due to the redevelopment of the industrial heritage. 10 We also excluded some distance rings between the target and control group to minimize spillover effects between the two groups. The results show negligible changes. 11 For more details on matching techniques, see Abadie & Imbens (2002; 2011) and Abott & Klaiber (2011) .
Data and descriptive statistics
We use property transaction data provided by the We also collect spatial data to control for time-variant local characteristics. We use the location of listed built monuments, provided by the RCE Netherlands Cultural Heritage Agency, to calculate the number of listed build monuments per 50 meter radius for each sold house. We include this variable in our estimation to account for the special (historic) atmosphere that is provided by a bundle of listed built monuments. In addition, we use some information of the neighborhood. In the Netherlands, neighborhoods have, on average, around 1500 inhabitants.
We include the share of foreign migrants and population density which are provided by Statistics Netherlands. ABF Research has provided us with data on the distance to the nearest intercity station and nearest highway ramp for each neighborhood. The distance to the nearest 100 000 jobs is provided by PBL Netherlands Environmental Assessment Agency. In this section we report the estimation results of the quasi-experimental hedonic price model.
We investigate whether there are external house price effects of redeveloping industrial heritage sites on nearby houses and the magnitude of these external effects over time and space. We report the results of the baseline and alternative specification where the target area is defined as those houses that are sold within the first 1000 meter from the redeveloped industrial heritage site and are sold after the completion of the transformation. The control area is defined as those houses that are sold between 1000 and 2000 meter. Results of the alternative specification will then determine the treatment radius for the final estimation. We use the new treatment radius for each case in combination with propensity score matching. The propensity score matching method is used to find control neighborhoods that are similar to the target area. The final estimation uses the baseline specification with adjusted treatment radius for each case and only includes the matched target-control pairs. The number of observations varies between 799 for DC and 10405 for the WG. For each case, the adjusted R 2 is above 0.8 which suggests that the model fit is good with respect to the hedonic price literature, which is a consequence of including time and location fixed effects.
Results of the baseline specification
The key variables are BEFORE, BETWEEN, AFTER and TREND variables from Equation (1).
The other coefficients of the WG are reported in Table A Especially, for industrial heritage sites where the soil was heavily contaminated as was the case for the WG. The results show that distance does often matter. In the case of the WG, we find that the negative external effect decreases with 1.8% for every 100 meter at a 90% significance level.
This means, for example, that if a house located 300 meter from the WG was sold before the start of the transformation project, it would have been sold for 8.4% (=(-0.138+(300*0.0018))*100) less than a similar house between 1000 and 2000 meter of the WG. This distance decay effect is linear and only significantly different from zero on a 90% level. In the case of the ZC, the distance decay effect is not linear but decreasingly increasing (concave) per 100m. The negative external effect decreases around 2.6% for the first 100 meter (D=100) and decreases less with increasing distance. This means that before the transformation of the WG and ZC, the industrial site was a disamenity for the surrounding residential area and that this negative external effect decreased over space. It is worthy to note that VA (former water tower), DC (former ironworks), and WT (former textile factory) seem not to be disamenities for their surrounding residential areas before the start of the transformation as we find no negative and significant effects for the BEFORE variable.
The coefficients that capture a part of the anticipation effect of the transformation project, the variable BETWEEN, are only positive and significantly different from zero on a 95% level for the WG and ZC. This implies that the negative external effects disappeared after the start of these transformation projects. Moreover, the results show that households who bought their properties located next to these transformation projects (D=0) between the start and the completion of the transformation project had to pay around, respectively, 7% and 6% extra for their house compared to similar houses between 1000 and 2000 meter of the transformation project. The distance decay effect is only found for the WG. It is linear and the price effect is -2.3% per 100 meter. These results suggest that there were positive anticipation effects within 300m from the WG between the start and the completion of the transformation project.
Next we discuss the presence of external effects within the treatment radius after the transformation project is finished. The coefficients of the variable AFTER capture this effect on house prices. This variable is only positive and on significant for the WG and WT. The results for the WG and WT show that properties located next to the former industrial heritage site are, respectively, 11.6% and 18.4% more worth than comparable properties located between 1000 and 2000 meter from the former industrial heritage site. Surprisingly, for both of the cases there does not seem to be a distance decay effect. This means that all properties within 1000 meters from the WG and WT after the completion of the transformation were sold for an extra 11.6%
and 18.4%, respectively, compared to similar houses between 1000 and 2000 meter from the WG and WT. These numbers are very substantial compared to the other transformation projects where we do not find any positive external effects after the completion of the transformation project. For the ZC, we even see the positive anticipation effect disappear after the transformation. In our view, the main difference why we find positive external effects after the transformation for the WG and WT is the substantial investments on the redevelopment, and that these investments were predominantly made in the exterior of the industrial heritage sites.
The substantial investments made in the WG and WT seemed to significantly improve the quality of the surrounding residential area where the other transformation projects apparently did not.
The redevelopment did however make the negative external effect of residing close to an industrial heritage site disappear.
The TREND variable captures whether the external effects after the completion of the transformation project changed over time. It may be the case that households were too optimistic and overestimated the external effects and that house prices increased above the equilibrium prices (a form of 'overshooting' in the housing market) or, vice versa, that the redeveloped industrial heritage site became more attractive after a few years (a form of 'undershooting' in the housing market). Table 3 reports no significant coefficients at the 95% level. Thus there is no clear evidence based on our selected cases that there is a trend effect after the transformation project is finished.
Results of the alternative specification
The alternative specification allows us to be more flexible on the functional form of the external effect within the 1000 meter treatment radius. We draw 100 meter distance rings within the treatment radius (0m-100m, 100m-200m, 200m-300m, et cetera). Moreover, we can estimate the reach of the external effects which are likely to be different for each transformation project. For the WG there are many positive and significant coefficients. This suggests that there are positive external effects on house prices present after the transformation of the WG. It seems that the extent of the external effect is around 600 meter for the WG. The size of the effect is between +6% and +14% in terms of house prices. For the other transformation projects we do not find clear evidence showing external effects on house prices after the transformation.
The distance decay of the external effect does not seem to be straightforward if we look at the WG results. The coefficients suggest that there is a relatively large effect within 100 meter of the WG, but decreases in halve after 100 meter. The coefficients stay around the same between 100
and 600 meter of the WG, although one of the coefficients is not significant different from zero.
Also, most of the WG coefficients are not significantly different from each other.
The disadvantage of this specification is obviously that you split the number of observation of the treatment area. In the baseline specification, we allow for a maximum of three coefficients (one main variable and two interaction variables with the distance to the industrial heritage site) whereas in the alternative specification we allow for 10 coefficients. Also, some industrial sites only have a limited amount of houses within the first 100 meters of the site. More information on the number of observations for each site can be found in the technical appendix.
Therefore, we only use this specification to find the reach of the external effect. Note: Dependent variable is ln(transaction price). The coefficients of the other variables for the WG can be found in Tabel A.2 of Appendix A. The other coefficients can be obtained from the author. Robust standard errors are reported between parentheses. * p < 0.10; ** p < 0.05; *** p < 0.01.
Results using the propensity score matching
Based on the alternative specification in Section 5.2, we define a specific treatment radius for each redeveloped industrial heritage site. For the sites that seem to not have external effects on house prices caused by the transformation, we set the treatment radius at 400 meter. In addition, we specify a control area based on the popular propensity score matching method. This matching method uses quantitative methods to find control areas that are as similar as possible to the treatment area before the transformation, given many neighborhood characteristics. For the WG, the control area consists of specific neighborhoods in and around the city center of Amsterdam but is restricted to be between 1 and 10 kilometer from the WG. For the other cases, the control areas are neighborhoods in other municipalities but restricted to be between 2 and 10 kilometer from the industrial heritage site. This ensures that it is impossible that the redevelopment of the industrial heritage site has had any impact on the control area. This is our preferred model specification. Table 5 reports the results of the baseline specification that takes into account different treatment areas for each case based on the previous estimation results and different control areas based on propensity score matching. The other coefficients for the WG are reported in Table A .3. of Appendix A. The BEFORE variable shows some significant negative coefficients for the WG and VA. This suggests that the industrial heritage sites, WG and VA, were a disamenity for the surrounding houses before the redevelopment. The price effect is -36% and -32%, respectively, compared to the control neighborhood(s) that are determined by propensity score methods. For the WG the distance decay effect is linear. The negative external effect decreases with 4% for every 100 meter. In the case of VA, the distance decay effect is not linear but decreasingly increasing per 100 meter. The negative external effect decreases around 3% for the first 100 meter (D=100) and decreases less with increasing distance. For the DC and WT we do not find any evidence that the industrial heritage site had any impact on house prices before the transformation compared to the control area.
Again, we find that the negative external effects disappear after the start of the transformation project. We only find positive anticipation effects for the WG if we look at the results of the BETWEEN variable. This anticipation effect is significant for houses within 600m from the WG. These houses are sold for around 8% higher between the start and the completion of the transformation compared to the control area. For the other transformation projects, we find no significant anticipation effects within 400 meters.
Our main variable of interest, AFTER, is only significant for the WG. This is in line with previous results of the other specifications. The external effect after the redevelopment of the WG is highly significant within 600 meters and is 20% (D=0) compared to the control area. This positive external effect is high, however, the effect decreases with distance. For every 100 meter the house is located from the WG the external effect decreases with 5% on a 90% significance level. This suggests that the reach of the external effect for WG is 400 meters using this specification.
The TREND variable seems not significant for each of the transformation projects. For WG, this means that the external effect after the redevelopment did not decrease over time. This suggests that the positive external effects of the WG are persistent over time. We use a quasi-experimental hedonic price methodology that compares quality-adjusted house prices of sold houses within a certain treatment radius before the start of the transformation project, between the start and completion, and after the completion of the transformation project and compared them to a predefined control area. We control for many housing and neighborhood characteristics. We pay special attention to defining the treatment and control area. The treatment area is defined by using a flexible 'alternative' specification using 100 meter distance rings that allows us to test the reach of the external effects on house prices. The control area is first defined as the most outer ring (sold houses between 1000 meter and 2000 meter of the redeveloped industrial heritage site) but we also use a matching estimator to define a control area that is as similar as possible to the treatment area given many local characteristics. Although our methodology might not fully solve the omitted variable bias caused by unobserved investments or developments, which may cause inconsistent estimators, but it tries to minimize this problem. The possible overestimation of the results does, however, not have any impact on the main conclusion of this paper: Positive external effects on house prices do not necessarily arise after redeveloping industrial heritage sites.
We find that the results on external effects between our cases are quite heterogeneous. It is often assumed that industrial sites generate negative external effects on nearby residential properties. We show that this is not necessarily true. However, if we find negative external effects before the redevelopment of an industrial heritage site, they disappear at the start of the redevelopment. These negative external effects can be substantial but they decrease over space and they seem to be dependent on the size and type of industrial site. Prices of sold houses close to the Westergasfabriek were between 14% and 36% lower than the control area before the transformation. These negative external effects decrease quickly over space. For Villa Augustus and the Zaanse Chocoladefabriek, we only find some evidence of negative external effects before the transformation and these seem to disappear at the start of the transformation.
These results suggest that there are anticipation effects. This implies that house prices already ( Wooncomplex Tricot is a former textile factory built in 1890. The site is characterized by a 36m high chimney. There were plans to demolish and rebuilt the whole area of 9 000 m 2 , until it became a national listed monument. The real estate was renovated and the exterior was adjusted to modern standards. The real estate is now used for residential housing. From a historical perspective, the most important thing was to preserve the chimney. The exterior changed somewhat regarding the real estate and the public space, but the industrial character of the site remained. The costs of redevelopment were around 21 million euro. The redevelopment of the real estate to residential housing finished in 2006. 
